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1

REPAIR INSERT FOR REPAIRING
METALLIC STRUCTURE

BACKGROUND OF THE INVENTION

1. Field of the Invention

This invention generally relates to a repair insert for repair-
ing targeted defect-contaiming metallic structure, and more
particularly to a rail insert for repairing railroad rail having a
localized detect 1n the top portion of the rail.

2. Description of Prior Art

Railroads must maintain their track to ensure safe opera-
tion of trains. Some of this maintenance centers on the repair
of rail defects. Railroad rails may be manufactured with inter-
nal defects or, as a result of fatigue, develop defects. These
defects are commonly located using non-destructive test
methods. The Federal Railway Administration (FRA), for
example, mandates periodic ultrasonic testing of railroad rails
to locate defects 1n the rail. When a defect 1s found, a repair
must be made to the track structure. It has been noted that
many of these defects are located 1n the top portion of the rail
or within the rail head.

There are two common welding processes used to facilitate
the repair of defects 1n railroad rails. These processes are the
thermite welding process and the flash-butt welding process.
Rails repaired by a flash-butt weld are typically stronger and
higher 1n quality than those repaired by a thermite weld.
Repairs made by the thermite process are imtially less costly,
however, due to the relatively higher labor and equipment or
components cost(s) required by the flash-butt process. Rails
may also be temporarily repaired through the use of joint bar
splices. Overall rail integrity 1s best maintained, however, by
having the lowest number of joints (mechanical or welded) in
track.

State of the art rail repair directed at repairing defects has
typically mnvolved removing a length of rail, (typically 13 to
19 feet 1n length) localized around the defect, from the exist-
ing rail. The removal of the rail length thus creates a signifi-
cant gap 1n the rail. A so-called *“rail plug” is then 1nserted 1n
the resulting gap to make up for the bulk of the rail length
removed. A weld 1s then made at each end of the rail plug,
welding the rail plug to the existing rail, and creating a con-
tinuously welded rail.

A thermite weld can be used to weld the existing rail to the
rail plug. A rail plug i1s cut to a length approximately two
inches shorter than the length of the rail containing the defect,
which 1s being cut out. The repair plug 1s placed 1nto the gap.
A sand mold 1s attached to both the existing rail and the rail
plug around an approximate one-inch gap between the end of
the existing rail and the end of the rail plug. The thermite
material 1s contained in a crucible located immediately above
the sand mold. After the mold i1s pre-heated, the thermite
charge 1s 1gnited. The thermite charge creates molten steel,
which pours into the sand mold.

As the thermite material solidifies, 1t forms a casting,
which bonds to, and 1s contiguous with, both the existing rail
and the rail plug. In this manner, the rail plug 1s welded to the
existing rail to form a continuous section. A second thermite
weld 1s made at an approximate one-inch gap at the opposite
end of the rail plug, joining the rail plug to the existing rail.
The area of the rail containing the thermite weld material 1s
not as strong as and 1s not of the same quality as normal rail
steel. As such, the thermite welds typically require subse-
quent repairs in order to maintain the railroad rail in safe
condition. This method also requires the repair crew to trans-
port a rail plug to the repair site and the section of rail con-
taining the defect away from the site.
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A flash-butt weld can also be used to weld the existing rail

to the rail plug. A rail plug 1s cut to a length approximately
three inches longer than the length of the rail containing the
defect, which 1s being cut out. Rail anchors are removed from
the existing rail until the gap created by the removal of the
defect containing rail plug 1s three inches longer than the
defect containing rail plug. This can only occur when the
current rail temperature (CRT) 1s below the neutral rail tem-
perature (NRT). Therail plug is put in to the gap created by the
removal of the defect containing rail plug and gap growth
created by the removal of anchors.
The rail ends to be welded are aligned. A flash-butt weld
welderhead 1s clamped across the abutment of the rail plug
and the existing rail, and the flash-butt welding cycle 1s car-
ried out. The welderhead passes a high current across the
interface between the existing rail and the rail plug. The
current produces arcing between the mating surfaces. As the
cycle progresses and suificient heat has been generated, the
welderhead forges the two pieces of rail together to essen-
tially form a single continuous rail. A shear die 1s then pushed
across the weld to return the weld profile to the rail contour.
The flashing away of the rail and the forging of the rail
consume about one and one half inches of rail from the rail
and the rail plug.

The rail ends at the other end of the rail plug are aligned.
The tlash-butt welderhead 1s moved to the other end of the rail
plug and clamped across the abutment of the rail plug and the
existing rail. The rails are stretched to close the gap (which
was generated by the making of the 1nitial weld and subse-
quent moving the rail plug) and the flash-butt weld cycle 1s
carried out. Rail anchors are then replaced on to the existing
rail. As such, the flash-butt welding process is typically more
costly than the thermite process. This method also requires
the repair crew to transport a rail plug to the repair site and the
section of rail containing the defect away from the site.

Regardless of the repair weld process used, there 1s a need
to maintain the NRT. The NRT 1s the temperature at which the
rail contains no longitudinal thermally-induced rail stresses.
The track 1s designed to not allow the rails to contract and
expand 1n response to environmental temperature changes. It
1s designed to constrain the rail and allow the rail to develop
tension and compression. The amount of tension or compres-
sion 1s determined, 1n part, by the difference between NRT
and the CRT.

When a repair 1s accomplished by installing a rail plug, 1t 1s
unlikely that the rail plug installed will be of the exact length
necessary to maintain the NRT of the rail, and the NRT of the
rail 1s thus altered. As such, the segment will have a different
NRT than desired. Notably, management of the NR'T could be
simplified if no rail length 1s removed during the repair of a
defect 1n the rail.

It 1s further noted that when rail plugs are installed using
either the thermite weld or the flash-butt weld processes, the
rail 1s taken out of service. Thermite welding and flash-butt
welding trucks need to occupy the track. This prevents the
railroad from running revenue-producing trains. The instal-
lation of a rail plug and the resulting two necessary welds uses
valuable track time and this repair time needs to be kept to a
minimum.

Joint bar splices are, essentially, reinforcing clamp means
applied to the rail adjacent to the repair. A joint bar splice 1s
used when there 1s not enough time to perform a complete
repair by welding or when other repair materials are not
available. A joint bar splice, by government regulation, 1s a
temporary repair and must be replaced 1n about 90 days. The
joint bar splice thus reduces the operational limit of the rail in
the repair area.
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U.S. Pat. No. 7,520,415, which 1ssued to Kral et al. dis-
closes a further Method of Repairing Rail, which disclosure

attempted to address the noted rail repair shortcomings. The
"415 patent describes a system or method comprising at least
the following steps: 1dentifying and locating a defect in the
rail, removing the defect by removing material from the rail
surrounding the defect in at least the head section so as to
form a void and a rail void interface while maintaining con-
tinuity of the rail, filling the void with molten metal having a
high carbon content and causing the molten metal and the rail
void interface to bond.

The molten metal may be produced by gas shielded arc
welding. The carbon content of the molten metal 1s near that
of the rail to decrease carbon migration from the rails. High
carbon welding electrode 1s used in the welding of high
strength steel using gas shielded arc welding techmiques
whereby a plurality of beads of molten weld material join
together rail ends or {ill a slot 1n a rail for repair purposes. The
high carbon electrode avoids producing adjacent soft and
brittle areas across a weld fusion line, which results from
migration of carbon from the carbon rich high strength steel to
the lower carbon and highly alloyed weld deposit.

The foregoing methodology described by Kral et al., while
notably superior to certain aspects of the thermite and flash-
butt rail repair/welding techniques described hereinabove,
nevertheless also suffers from certain shortcomings. In this
regard, 1t 1s noted that the molten metal material 1s a dynamai-
cally active medium, which medium presents certain difficul-
ties 1n (non-ideal) application scenarios. For example, 11 the
rail 1s inclined 1n the field, the molten pool of material
becomes difficult to manage, and a proper weld 1s often prob-
lematic to achieve without much ado.

The prior art thus percerves a need for a rail repair method
that results 1n a rail repair having the strength and quality of
the parent rail, but without adding or consuming rail. Further,
the prior percetves a need for a rail repair method which
reduces the total number of welds 1n the remaining rail. Still
turther, the prior art percerves a need for a rail repair method
which reduces the amount of matenals and equipment that
must be transported to and from the repair site.

Other prior art needs include a need for a rail repair method
that eliminates the use of temporary joint bar splices. The
prior art further perceives a need for a rail repair method that
does not necessitate the relatively costly and time-consuming
removal of a section of rail. The present invention attempts to
address the foregoing by providing a cost effective, time-
elficient rail repair method which minimizes the amount of
time that the rail 1s out of service to revenue-producing trains,
and which method greatly reduces the manpower otherwise
required to effect state of the art type repairs.

SUMMARY OF THE INVENTION

The noted needs, and others, are satisfied by the disclosed
method, which provides for repairing a rail or rail-like struc-
ture having a defect using a single weld. The repair method
according to the present invention begins when a rail defect 1s
identified and located, often via use of an ultrasonic rail-
testing car. Ultrasonic rail-testing 1s an exemplary method
and/or means that can precisely locate and mark the area of
the rail containing the defect, and can confirm that the defect
1s totally contained 1n the top portion of the rail head. Addi-
tionally, manual testing of the defect may further delineate the
areas of the rail that contains the defect. The top portion of the
rail 1s then removed and the resulting section 1s filled by
resistance welding a metal insert into the void created for
defect removal.
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To accomplish the repair, the top portion of the rail con-
taining the defect 1s accurately i1dentified and/or located by
any number of means. A specialized apparatus 1s then
clamped to the rail, and utilizing the apparatus, a volumetric
top portion of the rail containing the defect 1s removed. It 1s
contemplated that the removal may be preferably accom-
plished by machining away a portion of the rail, for example,
but other methods may be used.

Because only the top portion of the rail contaiming the
defect1s removed, there 1s no appreciable change in the length
of the rail and the NRT remains unaffected. Because of the
clamping action of the apparatus and the fact that only the top
portion of the rail 1s removed, there 1s no need to accurately
align two rails. The rail 1s held in acceptable alignment by the
lower portion of the rail.

The welding head 1s then clamped to the rail. A pre-formed,
solid state, weld repair 1nsert 1s 1nstalled 1n the welding head
and brought into position directly over the machined notch or
void site. The insert 1s pre-machined from high quality steel
that 1s compatible to the rail steel. The resistance welding
cycle 1s then initiated. The welding current and platen (1nsert)
position are precisely controlled to first preheat the rail and
insert and then flash clean the surfaces to be welded. Finally,
the 1sert 1s forged 1n to the rail to create the welding bond.

Because the rail repair 1s accomplished without using a rail
plug, there 1s no need to transport rail plugs to or away from
the repair site. Additionally, the NRT of the original rail 1s
maintained as no additional rail or materials are or even can be
added or removed from the existing rail length. Because only
a single weld 1s required, and the 1insertion of a rail plug 1s not
required (as compared to other prior methods requiring two
welds and plug exchange), the disclosed repair method 1s
more time eificient than prior repair methods.

Given that the repair method 1s typically faster and does not
require additional rail or materials, this method of repair can
be performed instead of using a joint bar splice. The repair can
be accomplished in the same track occupation as required by
the detector car, thereby allowing more time of the running of
revenue-producing trains. Moreover, the material character-
istics and the process used to deposit the fill material can
provide a repair structure which has the properties equaling
those of the rail material and far surpassing those of the
thermite weld.

BRIEF DESCRIPTION OF THE DRAWINGS

Other features of our invention will become more evident
from a consideration of the following brief description of
patent drawings:

FIG. 11s aside elevational view of a fragmentary rail length
having a defect 1n the rail head as generically marked with an
“X”.

FIG. 1(a) 1s transverse sectional view of the rail length
otherwise depicted 1n FIG. 1 as sectioned through the defect.

FIG. 21s a side elevational view of a fragmentary rail length
having a defectin the rail head as marked at “X”’, which detect
1s being identified and located via certain generic defect-
locating means.

FIG. 3 15 aside elevational view of a fragmentary rail length
having a defect in the rail head as marked at “X”, which defect
has been targeted for removal as contained within a volumet-
ric upper rail portion as depicted with broken lines.

FI1G. 415 aside elevational view of a fragmentary rail length
showing the marked volumetric upper rail portion otherwise
depicted 1n FIG. 3 being removed.
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FIG. 4(a) 1s an enlarged fragmentary view as sectioned
from FI1G. 4 depicting the angled surfaces of the void site with
a beveled valley therebetween.

FIG. 5 1s a longitudinal or axial view of a rail length as
supported by generic support structure, and engaged with
certain elements of a rail bus assembly 1n inferior adjacency
to certain elements of an 1nsert bus assembly as outfitted with
a repair insert.

FIG. 6 1s a side elevational view of the structures otherwise
illustrated 1n FIG. 5, which view depicts a fragmentary rail
length as supported by generic support structure and engaged
with certain elements of rail bus assembly in inferior adja-
cency to certain elements of an insert bus assembly as outfit-
ted with a repair insert.

FIG. 7 1s a longitudinal or axial view of the structures
otherwise depicted 1n FIG. 5, which view depicts the rail
length engaged with certain elements of the rail bus assembly
and the repair insert, which repair msert 1s further engaged
with certain elements of the insert bus assembly.

FI1G. 8 1s a side elevational view of the structures otherwise
illustrated 1n FIG. 6, which view depicts the fragmentary rail
length engaged with the repair msert, which repair nsert 1s
turther engaged with certain elements of the insert bus assem-
bly.

FI1G. 9 1s a top exploded perspective view of the structural
clements otherwise depicted 1n FIGS. 5 and 6.

FIG. 10 1s a top perspective view of the structural elements
otherwise depicted in FIGS. 5 and 6, which elements are
shown 1n assembled form.

FIG. 11 1s a bottom perspective view of an exemplary
repair msert according to the present invention.

FIG. 12 15 a side view of the exemplary repair insert oth-
erwise depicted in FIG. 11.

FIG. 12(a) 1s an enlarged fragmentary view as sectioned
from F1G. 12 depicting the angled surfaces of the repair insert
with a beveled tip therebetween.

FIG. 13 15 a side view of the exemplary repair insert oth-
erwise depicted in FIGS. 11 and 12 as 1nserted into a void site
formed 1n a fragmentary upper rail portion before the weld
cycle 1s mitiated.

FIG. 14 1s a top view of the exemplary repair insert other-
wise depicted in FIGS. 11-13 as inserted nto a void site

formed 1n a fragmentary upper rail portion.

FIG. 15(a) 1s an end view of the exemplary repair insert
otherwise depicted in FIGS. 11 and 12.

FIG. 15(b) 15 a longitudinal or axial view of the rail length
otherwise depicted in FIGS. 13 and 14.

FI1G. 15(c) 1s a longitudinal or axial view of the insert and
rail structures otherwise depicted 1n FIGS. 13 and 14.

FI1G. 16 1s a side view of (1) the repair insert as inserted into
and welded to the void site after the weld cycle has completed,
and (2) a generic shear die cutting element removing excess
insert, rail, and flash material from the fragmentary rail
length.

FIG. 17 1s a side elevational view of a fragmentary rail
length having a finished repair site, which repair site is
marked with thin broken lines.

FIG. 18 1s an enlarged fragmentary diagrammatic depic-
tion of the rail-to-insert mterface having an exaggerated gap
and showing orthogonally opposed planes of the interface
extending from a beveled junction.

FI1G. 19 1s an enlarged fragmentary side elevational depic-
tion of the fragmentary rail length showing the marked volu-
metric upper rail portion being removed as otherwise
depicted 1n reduced form 1n FIG. 4.
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FIG. 20 1s an enlarged fragmentary side elevational view
depicting the angled surfaces of the void site with a beveled

valley therebetween as otherwise depicted 1n reduced form in
FIG. 4(a).

FIG. 21 1s an enlarged side view of the exemplary repair
isert otherwise depicted 1n FIG. 13.

FIG. 22 1s an enlarged fragmentary or diagrammatic sec-
tional depiction of the upper leit and right corners of the repair
insert otherwise shown in FIG. 21 presented to show the
upper portion of the repair insert in greater detail.

FIG. 23 1s an enlarged fragmentary of the structures other-
wise depicted 1n FIG. 15(c) presented to show the structures
in greater detail.

DETAILED DESCRIPTION OF THE PREFERRED
EMBODIMENT/METHODOLOGY

Referring now to the drawings with more specificity, the
reader 1s directed to FIG. 1, which figure depicts a side eleva-
tional view of a fragmentary rail section or length as refer-
enced at 10. A rail length 10 1s typically formed having a rail
base portion 11 with opposed flanges 12, an upstanding rail
web portion 13 extending upward from the base portion 11
between the flanges 12, and a rail head portion 14 at the top of
the raill web portion 13 as generally and comparatively
depicted 1n FIGS. 1 and 1(a).

The repair system or method according to the present
invention elfectively begins when a rail defect 15 1s identified
and located, such as by way of ultrasonic rail-testing. Ultra-
sonic rail-testing can precisely locate and mark the area of rail
10 containing the defect 15. Additionally, manual testing of
the defect 15 may further delineate the areas of the rail 10
which contain the defect 15. The ultrasonic testing, as exem-
plary defect locating means, can further confirm that the
defect 15 1s totally contained 1n the top portion or rail head 14
of the rail 10.

Further referencing FIG. 1, 1t will be noted that at the upper
portion or head 14 of rail section 10, a generic “X” marks a
defect spot or area as at 15. While 1t has been noted that a rail
defect 15 may be preferably located by ultrasonic rail testing,
it 1s contemplated that the rail defect 15 may be located by
other rail defect identifying or locating means such as induc-
tion means, dye penetration means or other known methods
of defect identification.

Typically, when the ultrasonic rail testing vehicle identifies
a defect, 1t will mark the defect location. The defect location
may be recorded on a map, or a nozzle may mark the rail, for
example, with paint. Alternatively, the location of the defect
may be recorded using information gathered from such
sources as the global positioming system of the network of
satellites. FI1G. 2 attempts to depict the step of defect 1denti-
fication and/or location via generic defect 1dentifying/locat-
ing means as referenced at 16.

After the defect location has been 1dentified, a repair crew
will be dispatched to the defect location. It 1s contemplated
that the repair crew will travel to the defect location with
certain means for removing material from the rail as well as
certain means for welding a repair 1nsert 21 to the rail length
10. When the repair crew arrives at the defect location, 1t may
perform further tests to delineate the exact size of the rail
defect 15. Presuming the defect 15 1s of limited size and
localized to a select rail portion (typically the head 14), the
defect 15 may be repaired using the method according to the
present 1nvention.

In this regard, it 1s contemplated that the preferred meth-
odology includes the removal of a wedge-shaped portion 17
from the rail length 10, which wedge-shaped portion 17 1s
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outlined before removal and highlighted with broken lines 18
in FIG. 3. Notably, the wedge-shaped portion 17 includes,
contains, or surrounds the rail defect 15. It will be seen from
a comparative mspection of FIGS. 3 and 4 that the wedge-
shaped portion 17 has a depth 19 suificient to include a
transverse cross-section of (a) the entire head 14 as well as (b)
an upper portion of the rail web 13.

The trnangular or wedge-shaped portion 17 1s preferably
formed so as to comprise portions of both the rail head 14 and
rail web 13. In this regard, the removed wedge-shaped portion
17 preferably comprises a removed rail head portion as at 14'
and a removed rail web portion as at 13'. The removed rail
head portion 14' 1s bound by frontal plane 208' at the upper
limit and frontal plane 210" at the lower limit, and the removed
rail web portion 13'1s bound by frontal plane 210" at the upper
limit and by frontal plane 209" at the lower limat.

The triangular or wedge-shaped void or void site 20 1s
preferably formed 1n the rail length 10 or similar other tar-
geted metallic rail-like structure such that the void 20 essen-
tially defines a pointed, insert-recerving notch orthogonally
into the rail length 10 away from the planar upper rail head
surface 50. The pointed msert-receiving notch or void site 20
preferably further comprises orthogonally opposed planar
void site surfaces as referenced at 51 such that the angle
subtended intermediate the planar upper rail head surface 50
and the planar surfaces 51 1s substantially 45 degrees, which
angle 1s generally referenced at 131 1n FIG. 4(a).

It 1s contemplated that the wedge-shaped portion 17 may
be removed from the rail length 10 by any number of portion
or material-removing means as exemplified by certain
machining means (e.g. carbide-tipped machining means and
clectric discharge machining (EDM) means) or abrasive
means. The material-removing means are operated to remove
the wedge-shaped portion 17 from the rail length 10 inclusive
of the defect 15. The reader may note that the process is
somewhat akin to drilling out decayed dental material.

The analogy holds true but for the fact that the material
removed from the rail length 10 according to the present
invention tends to be of a more pre-defined volume. In other
words, whereas the removal of (healthy) dental material 1s
generally minimized during the removal of decayed dental
matenal, the volumetric removal of the wedge-shaped por-
tion 17 1s (substantially) pre-determined and defined to coop-
crate with pre-formed 1nsert(s) having a pre-determined vol-

ume greater 1n magnitude than the volume of material
removed or defined by the void site 20 as generally depicted
in FIGS. 4 and 6.

In other words, after the wedge-shaped, defect-contaiming,
portion 17 of the rail length 10 1s removed, the rail length 10
1s leit with a substantially wedge-shaped void site as at 20. As
illustrated, an exemplary upper rail portion 17 of the rail
length 10 1s removed, which portion 17 preferably includes
selected portions of the rail head portion 14 and rail web
portion 13. Notably, the rail length 10 1s not completely
severed, but 1s still connected opposite the void site 20 as only
a select (upper) portion 17 of the rail length 10 has been
removed.

Because only the select (upper) portion 17 of the rail 10 1s
removed (1.e. that portion corresponding to the volumetric
material removal) (a) there 1s no substantial change 1n the
length of the rail length 10, (b) there 1s no need to accurately
cut rail plug lengths as would be the case if a rail plug type
repair were practiced, and (¢) the NRT 1s maintained. In other
words, according to the present methodology, the rail length
10, after removing the portion 17, 1s held to the pre-repair
length.
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Following the removal of the wedge-shaped portion 17
from the rail length 10, a volumetric, current-conductive or
solid state weld repair insert 21 1s placed into the void site 20.
The repair msert 21 1s preferably pre-formed from a material
substantially similar to the maternial construction of the rail
length 10 (e.g. 1080 rail steel and hardened rail stock/steel,
respectively). FIGS. 5 and 6 generally depict the repair insert
21 being aligned 1n superior adjacency to the void site 20 from
longitudinal and lateral views respectively. FIGS. 7 and 8
generally depict the repair insert 21 inserted or otherwise
placed mto the void site 20 as further seen 1n respective
longitudinal and lateral views.

As generally depicted 1n FIGS. 14 and 15(c¢), 1t 1s contem-
plated that the width 22 of the 1nsert 21 at 1ts upper portion 26
1s preferably slightly greater in magnitude than the width 23
of the rail head 14 to compensate for slight lateral shift(s) of
the msert 21 during the ensuwing welding cycle. From the
lateral views, as generally depicted in FIGS. 12 and 13, the
reader will note that the length 38 of the insert 21 1s also
greater in magnitude relative to the maximum length 39 of the
upper plane of the void site 20. The reader should turther note
the overall depth 19 of the msert 21 exceeds the void depth as
at 24.

The wedge-shaped, solid state weld repair msert 21 1s
preferably formed such that the insert 21 preferably has a
pointed rail-opposing portion as at 60 and planar force-re-
ceiving portion as at 61. The pointed rail-opposing portion 60
thus has opposed planar insert surfaces 62, which opposed
planar insert surfaces 62 are preferably and substantially
orthogonal to one another and preferably intersecting at a
beveled tip 41 or terminus.

The volume of the repair isert 21 1s thus greater 1n mag-
nitude than the effective volume of the void site 20. During
the weld cycle, the maternial composition of the rail 10 and
repair msert 21 1s consumed such that the void site 20 1s
cifectively filled with the material composition of the repair
insert 21. Excess material, whether excess flash material and/
or excess 1nsert/rail material at the repair site 123, 1s prefer-
ably removed from the rail length 10 following the weld and
optional quenching processes.

Referencing diagrammatic depictions of the three main
axes set forth 1n the drawings, the reader will note that a first
dimension may be exemplified by the plane defined by the Y
axis 202 and the Z axis 203; a second dimension may be
exemplified by the plane defined by the X axis 201 and the Y
axis 202; and a third dimension may be exemplified by the
plane defined by the X axis 201 and the Y axis 202.

It will be understood that the rail length with rail head
portion 14 and rail web portion 13 is treated so as to remove
a wedge-shaped portion 17 inclusive of the rail defect 15 such
that the void site 20 extends into the rail head portion 14 and
rail web portion 13, which rail head portion 14 and rail web
portion 13 are together generally T-shaped in transverse
cross-section or the first dimension.

The T-shaped void site 20 1n the first dimension may be
approximated or bound by certain planes. The T-shape of the
void site 20 may be defined at (1) the voided rail head portion
14 extending (a) intermediate lateral planes 206 and 207
parallel to the X and Y axes 201 and 202 and (b) intermediate
frontal planes 208 and 210 parallel to the X and Z axes 201
and 203; and (2) the voided rail web portion 13 extending (a)
intermediate lateral planes 211 and 212 parallel to the X and
Y axes 201 and 202 and (b) intermediate planes frontal planes
209 and 210 parallel to the X and Z axes 201 and 203.

It will be further understood that the void site 20 1s prefer-
ably triangular 1n the sagittal-longitudinal cross-section or
second dimension. The triangularly shaped void site 20 1n the




US 8,651,393 B2

9

second dimension may be regarded as being approximated or
bound by certain planes. The triangular-shaped aspect of the
void site 20 may be defined at the voided rail head and web
portions 14 and 13 extending (a) intermediate (orthogonally)
oblique planes 213 and 214 and frontal plane 208 parallel to
the X and Z axes.

It will be still turther understood that the void site 20 1s
preferably rectangular 1n the frontal-longitudinal cross-sec-
tion or the third dimension. The rectangular-shaped aspect of
the void site 20 1n the third dimension may be regarded as
being approximated or bound by certain planes. The rectan-
gular shape of the void site 20 may be maximally defined by

(a) transverse planes 204 and 203 parallel to the Y and Z axes
202 and 203, and (b) sagittal planes 206 and 207 parallel to the

X andY axes 201 and 202.

The void site 20 thus has a maximal site depth as at 24
intermediate parallel planes 208 and 209; a maximal site
width as at 23 intermediate parallel planes 206 and 207; and
a maximal site length as at 39 intermediate parallel planes 204
and 205. The repair insert 21 1s insertable 1into the void site 20
for effecting a rail-to-insert interface. The repair 1nsert 21 1s
preferably similarly shaped as compared to the wedge-shaped
portion 17 or void site 20, but relatively larger 1n volume as
compared to the volume of either the wedge-shaped portion
17 or void site 20.

Accordingly, the repair insert 21 1s preferably T-shaped 1n
transverse cross-Section or the first dimension; triangular in
sagittal-longitudinal cross-section or the second dimension,
and rectangular 1n the frontal-longitudinal cross-section or
third dimension. The T-shaped repair insert 21 in the first
dimension may be regarded as being approximated or bound
by certain planes.

The T-shape of the repair insert 21 may be defined as being

bound by (1) (a) planes sagittal planes 215 and 216 parallel to
the X andY axes 201 and 202, and (b) frontal planes 217 and

218 parallel to the X and Z axes 201 and 203; and (2) (a)
sagittal planes 219 and 220 parallel to the X and Y axes 201
and 202 and (b) frontal planes 209 and 218 parallel to the X
and 7 axes 201 and 203.

It will be further understood that the repair insert 21 1s
preferably and substantially triangular 1n the sagittal-longi-
tudinal cross-section or second dimension. The triangularly
shaped repair msert 21 1n the second dimension may be
regarded as being approximated or bound by certain planes.
The tnnangular-shaped aspect of the repair 1mnsert 21 may be
defined by oblique planes 221 and 222 and frontal plane 223
parallel to the X and Z axes.

It will be still further understood that the repair insert 21 1s
preferably rectangular 1n the frontal-longitudinal cross-sec-
tion or the third dimension. The rectangular-shaped aspect of
the repair insert 21 1n the third dimension may be regarded as
being approximated or bound by certain planes. The rectan-
gular shape of the repair insert 21 may be maximally defined
by (a) transverse planes 224 and 225 parallel to the Y and Z
axes 202 and 203, and (b) sagittal planes 2135 and 216 parallel
to the X and Y axes 201 and 202.

The repair insert 21 thus has a maximal insert depth as at 19
intermediate parallel frontal planes 223 and 226, a maximal
insert width as at 22 intermediate parallel sagittal planes 2135
and 216; and a maximal insert length as at 38 intermediate
parallel transverse planes 224 and 225. It will thus be seen that
the repair insert 21 1s insertable into the void site 20 for
clifecting a rail-to-insert interface, the repair insert 21 being
preferably similarly shaped as compared to the wedge-shaped
portion 17 or void site 20, but relatively larger 1n volume as
compared to the volume of either the wedge-shaped portion

17 or void site 20.
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The upper portion 26 of the repair msert 21 may further
preferably comprise a rectangular aspect 1n the first, second,
and third dimensions as perhaps most clearly and compara-
tively depicted in FIGS. 14, 22, and 23. Referencing the noted
figures, 1t will be seen that the rectangular shape of the upper
portion 26 of the repair insert 21 may be defined 1n the first
dimension by sagittal planes 215 and 216 parallel to the X and

Y axes 201 and 202, and (b) frontal planes 217 and 227
parallel to the X and 7 axes 201 and 203.

It will be further seen that the rectangular shape of the
upper portion 26 of the repair msert 21 may be defined in the
second dimension by (a) transverse planes 224 and 225 par-
allel to the Y and Z axes 202 and 203, and (b) frontal planes
223 and 227 parallel to the X and Z axes 201 and 203. Still
turther, 1t will be seen that the rectangular shape of the upper
portion 26 of the repair msert 21 may be defined 1n the third
dimension by (a) transverse planes 224 and 225 parallel to the
Y and Z axes 202 and 203, and (b) sagittal planes 215 and 216
parallel to the X and Y axes 201 and 202.

The upper insert portion 26 thus has a substantially uni-
form (a) upper 1nsert portion width, (b) upper insert portion
length, and (c) upper insert portion depth and thus may be
defined by being rectangular 1n the first, second, and third
dimensions or cuboidal as bound by the aforementioned
planes. The lower insert portion 27 preferably comprises (a) a
head-forming msert structure or portion as at 90 and (b) a
web-forming msert structure or portion as at 91.

The head-forming insert structure or portion 90 preferably
comprises (1) a substantially uniform head-forming insert
portion width bound by sagittal planes 215 and 216 in the first
dimension, and (11) a decremental head-forming insert por-
tion length (1.e. a length that continually decreases) bound by
oblique planes 221 and 222 in the second dimension. The
web-Torming insert structure 91 preferably comprises (1) a
decremental web-forming insert portion width intermediate
sagittal planes 2135 and 216 inwardly toward planes 219 and
220 at an upper portion thereof, (11) a substantially uniform
web-forming msert portion width intermediate planes 219
and 220 at a lower portion thereof, and (111) a decremental
web-forming insert portion length bound by oblique planes
221 and 222.

The rail head portion 14 preferably comprises a maximum
head width as at 23 intermediate sagittal planes 206 and 207,
and the rail web portion 13 preferably comprises a substan-
tially uniform web width as at 29 intermediate sagittal planes
211 and 212. The upper insert portion width (as at 22) 1s
preferably (1) equal 1n magnitude to the head-forming insert
portion width, but (1) greater in magnitude relative to 1) the
web-Torming insert portion width 28 and 2) the head width
23. The web-forming 1nsert portion width 28 1s preferably (1)
lesser in magnitude than the head width 23 and (11) greater 1n
magnitude than the web width 29.

FIG. 9 depicts an exploded perspective view of a test weld
scenario showing the primary components that enable the
present methodology. In this regard, the preferred system
and/or method essentially employs a current-conductive,
insert-side bus assembly for interfacing with the repair insert
21 and a current-conductive, rail-side bus assembly for inter-
facing with the rail length 10.

The 1nsert-side bus assembly preferably comprises a top
bus bar as at 30, a wedge or insert block as at 31, a pair of
iner, opposed wedge or insert side plates as at 32, a pair of
outer side plates as at 33, and a pair of cooling blocks as at 34.
Cooling blocks 34 can be moved to achieve strategic cooling
of the tooling and/or weld.

Opposite the mnsert-side bus assembly 1s positioned a rail-
side bus assembly (or assemblies). The rail length 10 15 sup-
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ported in FIGS. 5-10 by a generic support plane or structure as
referenced at 102. Therail-side bus assembly preferably com-
prises laterally-opposed, web-engaging rail bus elements as
at 40 each of which 1s engaged with (a) opposed rail bus side
plates as at 41 and (b) a rail bus bridge as at 42. FIGS. 7 and
8 depict current 100 being driven through the bus assemblies
via the repair msert 21, the rail length 10, and the structure-
to-insert interface or rail-to-insert interface 101.

A so-called flash butt weld cycle typically comprises three
phases, namely, a pre-heating phase, a flashing phase, and an
upsetting or forging phase by way of varied amperages rang-
ing anywhere from 22,000 amps to 47,000 amps. Excellent
results, for example, have been achieved by using an electric
current during (1) the pre-heating phase between 32,000 and
42,000 amps, (2) the flashing phase between 27,000 and
3'7,000 amps, and (3) the upsetting phase between 30,000 and
44,000 amps. The nominal flashing voltage 1s best at about
seven to ten volts, and the nominal upsetting distance 1s best
at about 0.375 to 1.00 1inch. The foregoing amperages, volt-
ages, and distances are exemplary and not limiting.

Resistance from the current 100 being driven through the
structures heats the interface 101, and the repair insert 21 1s
thus flash-welded to the rail length 10 at the void site 20 as
generically depicted at “flashing” 105. This has the effect of
forming an oxide-free, clean junction between the repair
insert 21 and the rail length 10 as the respective surfaces of the
repair msert 21 and rail length 10 are forced out the sides of
the junction or rail-to-insert interface 101. FIG. 16 depicts the
noted/described excess flash material as referenced at 104.

The reader will turther note from an 1nspection of FIGS. 7
and 8 that a significant force 103 1s directed into the structures
such that the repair msert 21 1s forced against the rail length
10 at the void site (elsewhere referenced at 20). The ensuing/
attendant heat and force 103 further cause the repair insert 21
to be forge-welded to the rail length 10 at the rail-to-insert
interface 101, during which atomic structure of the rail length
10 and repair insert 21 terdiffuse to cause a robust, solid-
state weld at the rail-to-insert interface 101.

As earlier introduced, the reader will note that the wedge-
shaped void site 20 and wedge-shaped repair msert 21 pro-
vide an angled rail-to-insert interface 101. It 1s contemplated
that a sigmificant benefit 1s achieved by way of the angled
rail-to-insert intertace 101. For example, the reader will note
that force 103 1s directed 1n a first (or downward) direction as
depicted 1n the drawings. The angled rail-to-insert interface
101 1s bound on the rail side by rail structure along its entire
length 39 for opposing force 103 as delivered to the rail length
10 via repair insert 21. The repair inset 21 thus transfers force
103 along that portion of length 39 in contact with the rail
length 10.

Excellent results have been achieved when forming a 90
degree angle (as at 130 in FIGS. 4(a) and 18) at the void site
20 and repair msert 21. It 1s contemplated that the orthogonal
relationship between opposing planes 1135 of the interface
101 structurally function to enhance uniform heat distribution
(as diagrammatically depicted at 150 1n FIG. 18) and mini-
mize material entrapment during the welding process.

Further, the valley 40 of the void site 20 and the tip 41 of the
insert 21 are preferably beveled or rounded for further mini-
mizing material entrapment during the welding process.
Excellent results have been achieved when the radi1 of cur-
vature of the beveled structures 40 and 41 are on the order of
0.25 1ch. Other msert geometry 1s believed inferior for
achieving the desired result as compared to the geometry
shown 1n the various 1llustrations.

FIGS. 11-15(a) depict the preferred geometry of the repair
isert 21. It will be recalled that before the welding cycle
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begins, the repair 1nsert 21 has a pre-determined geometry
such that the upper width 22 of the repair msert 21 1s of
slightly greater magnitude than the rail head width 23. It 1s
contemplated that the upper isert width 22 should be slightly
larger widthwise relative to the rail head 14 as generally
depicted to compensate for slight lateral shift under load 103.
Further, 1t will be noted that the depth 19 of mnsert 21 1is
significantly greater in magnitude than the depth 24 of the
void site 20.

During the welding cycle, material from elements 10 and
21 are consumed such that the volumetric geometry of repair
insert 21 1s reduced as may be understood from a comparative
ispection of FIGS. 13 versus 16. The tlash material 104 and
excess msert material 106 1s then removed (e.g. by grinding,
machining, and/or sheering) after the weld cycle (and
optional quench cycle).

The repair isert 21 preferably further comprises an upper
head-approximating portion 26 and a lower web-approximat-
ing portion 27, however as a means to reduce the excess
material as exemplified by material(s) 104 and 106 atfter the
weld cycle. In this regard, it 1s contemplated that the upper
head-approximating portion 26 preferably comprises a width
22 slightly larger than the rail head width 24, and the lower
web-approximating portion 27 comprises a width 28 of
slightly greater magnitude than the web width 29.

Notably, the maximal transverse cross-sectional insert area
as generally depicted at 112 1s preferably beveled as at 42
intermediate said upper insert portion width 22 and said lower
insert portion width 28. In this regard, it 1s contemplated that
the beveled structures 42 approximate beveled structures 32
intermediate the rail head 14 and the rail web 13 and thereby
clifectively function to minimize excess material after the
weld cycle.

After the weld and optional heat treat cycles, the rail with
welded insert site 1s finished by removing the flash and excess
materials 104 and 106, for example by shear die cutting the
excess from the rail 10 as generically depicted at 120. The
fimshed, repaired rail length 110 thus comprises a virtually
seamless repair site 125, which repair site 1235 was effected by
robust weld processes per the present methodology.

Notably, the method of rail repair described hereinabove 1s
also usetul as a method of managing the neutral rail tempera-
ture (NRT). When the rail 10 1s first installed the environmen-
tal conditions are within a selected range. These environmen-
tal conditions are recorded and the initial NRT 1s established.
When a portion of rail 10 1s replaced by a new material, such
as thermite or a rail segment or plug, the NRT must then be
recalculated and tracked. By virtue of not maintaining a con-
tinuous rail during the described method, the mitial NRT 1s
maintained.

While specific embodiments of the mvention have been
escribed 1n detail, 1t will be appreciated by those skilled 1n
ne art that various modifications and alternatives to those
etails could be developed 1n light of the overall teachings of
ne disclosure. For example, the method of rail repair may be
said to essentially apply to a rail 10 having upper and lower
rail sections, which upper rail may well comprise the rail head
14 and a(n upper) portion of the rail web 13, whereas the
lower rail section may be said to comprise the rail base 11 and
a (lower) portion of the rail web 13.

Further, the method may be said to essentially comprise the
steps of mitially identitfying and locating a defect in a first
select rail section, which first select rail section may be
selected from the group consisting of the upper and lower rail
sections. After a defect 15 1s located, a volumetric portion (as
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at 17) of the rail 10 may then be removed from the first select
rail section, which volumetric portion 17 includes or contains
the defect 15.

By way of removal of the volumetric portion 17, a void site
20 15 exposed 1n the first select rail section and a pre-formed
metal insert 21 may be placed into the void site 20, thereby
clfecting a rail-to-1nsert interface as at 101. Current 100 may
then be driven across or through the rail-to-insert interface
101 thereby heating the rail 10 and nsert 21 at the rail-to-
insert interface 101 via resistance of the driven current 100,
which heat operates to effectively resistance-weld the insert
21 to the rail 10.

Notably, the continuity of a second select rail section 1s
maintained while exposing the void site, which second select
rail section 1s also selected from the group consisting of the
upper and lower rail sections, but which second select rail
section 1s opposite the first select rail section. Further, as
noted, the void site 20 has a maximal transverse cross-sec-
tional site area as generally referenced at 111 and the insert 21
has a maximal transverse cross-sectional msert arca as gen-
erally referenced at 112. Said insert area 112 1s preferably
greater in magnitude than said site area 111, but approximate
thereto so as to minimize the volume of excess material that
must be removed during the finishing step(s).

The method may be said to further comprise the steps of
forcing the 1nsert 21 against the rail 10 while driving current
across the rail-to-insert interface 101; removing oxides from
the rail-to-insert interface 101 during the step of tlash welding
the msert 21 to the rail 10; and interdiffusing atomic structure
of the rail 10 and 1nsert 21 across or through the rail-to-1nsert
interface 101 while forge welding the insert 21 to the rail
length 10.

The foregoing methods are believed to systemically follow
trom the underlying rail and repair insert combination, which
combination may be said to comprise a certain rail length 10
and a repair 1nsert as at 21. The rail length 10 as generally
depicted throughout the 1llustrations has a rail head portion
14, a rail web portion 13, arail base portion 11, and a void site
20 formed therein to remove a rail defect 15. The void site 20
1s located intermediate the rail length and preferably extends
into the rail head and web portions 14 and 13. The void site 20
has a maximal site depth as at 24 and a maximal site length as
at 39.

The repair msert 21 1s msertable into the void site 20 for
cifecting a rail-to-insert interface as at 101. The repair 1nsert
21 comprises an upper insert portion 26, alower insert portion
27, a maximal imsert depth as at 19, and a maximal 1nsert
length as at 38. The insert depth 19 1s greater 1n magnitude
than the site depth 24 and the insert length 38 1s greater in
magnitude than the site length 39. Both the rail length 10 and
the repair insert 21 are preferably formed from weldable
materials and are thus weldable to one another substantially
as described hereinabove, although other solid state welding
techniques such as Iriction welding and brazing are contem-
plated.

Notably, the void site 20 preferably has a wedge-shaped,
longitudinal site cross-section as generally depicted 1n FIGS.
4 and 6; and the repair insert 21 preferably has a wedge-
shaped, longitudinal 1nsert cross-section as generally
depicted in FIGS. 12 and 13. The wedge-shaped longitudinal
site and 1nsert cross-sections preferably comprise substan-
tially 90 degree angles 130 at the rail-to-insert interface 101,
and respectively comprise a beveled valley as at 40 and tip as
at 41 for minimizing material entrapment during the welding
process.

From a comparative inspection of FIGS. 15(a)-15(c), it
will be seen that the upper insert portion 26 preferably com-
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prises a substantially uniform upper mnsert portion width as at
22, the lower insert portion 27 has a substantially uniform
lower insert portion width as at 28, the rail head portion 14 has
a maximum head width as at 23, and the rail web portion 13
has a substantially uniform web width as at 29.

The upper 1nsert portion width 22 is preferably greater 1n
magnitude relative to the lower insert portion width 28 and the
head width 23. The lower insert portion width 28 1s preferably
lesser 1n magnitude than the head width 23, but greater 1n
magnitude than then web width 29. The maximal transverse
cross-sectional insert area 112 1s preferably beveled interme-
diate said upper insert portion width 22 and said lower 1nsert
portion width 28.

Accordingly, although the invention has been described by
reference to certain preferred and alternative embodiments
and methodologies, it 1s not intended that the novel disclo-
sures and methods herein presented be limited thereby, but
that modifications thereof are intended to be included as
falling within the broad scope and spirit of the foregoing
disclosure, the following claims and the appended drawings.

We claim:

1. A rail and repair insert combination, said combination
comprising;

a rail length, the rail length having a rail head portion, a rail
web portion, a rail base portion, and a void site, the void
site being located within the rail length and extending,
into the rail head portion, the void site having a maximal
site depth, a maximal site width, and a maximal site
length; and

a repair msert, the repair msert being msertable into the
void site for effecting a rail-to-insert interface, the repair
isert comprising an upper insert portion and a lower
isert portion, the lower insert portion comprising a
maximal insert depth, a maximal i1nsert width, and a
maximal 1nsert length, said insert depth being greater in
magnitude than said site depth, said 1nsert width being
greater than said site width, and said insert length being
greater 1n magnitude than said site length.

2. The combination of claim 1 wherein the rail and repair
insert are formed from weldable materials, the rail and repair
insert thus being weldable to one another.

3. The combination of claim 2 wherein the void site has a
triangular, sagittal-longitudinal site cross-section and the
repair msert has a triangular, sagittal-longitudinal insert
cross-section.

4. The combination of claim 3 wherein said triangular
sagittal-longitudinal site and 1nsert cross-sections comprise
substantially 90 degree angles at the rail-to-insert interface,
the 90 degree angles at the rail-to-insert interface for enhanc-
ing uniform heat distribution and minimizing material entrap-
ment during welding processes.

5. The combination of claim 4 wherein said triangular
sagittal-longitudinal site and insert cross-sections respec-
tively comprise a beveled valley and beveled tip, the beveled
valley and tip for minimizing material entrapment during
welding processes.

6. The combination of claim 3 wherein the void site extends
into the rail web portion, the void site having a T-shaped
transverse site cross-section, the repair msert comprising a
T-shaped transverse sert cross-section.

7. The combination of claim 6 wherein the void site has a
maximal transverse cross-sectional site area and the insert has
a maximal transverse cross-sectional insert area, the maximal
transverse cross-sectional imsert area being greater in magni-
tude relative to the maximal transverse cross-sectional site
area.
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8. The combination of claim 7 wherein said maximal trans-
verse cross-sectional msert area 1s mimimized relative to said
maximal transverse cross-sectional site area.

9. The combination of claim 8 wherein (1) the upper insert
portion has a substantially uniform (a) upper insert portion
width, (b) upper 1nsert portion length, and (c¢) upper insert
portion depth, (2) the lower insert portion has (a) a head-
forming 1nsert structure and (b) a web-forming 1nsert struc-
ture, the head-forming insert structure having (1) a substan-
tially uniform head-forming insert portion width, and (1) a
decremental head-forming insert portion length, the web-
forming insert structure having (1) a decremental web-form-
ing insert portion upper width, (11) a substantially uniform
web-forming 1insert portion lower width, and (111) a decremen-
tal web-forming 1nsert portion length, the rail head portion
has a maximum head width, and the rail web portion has a
substantially umiform web width, said upper insert portion
width being (1) equal in magnitude to the head-forming insert
portion width and (11) greater 1n magnitude relative to 1) said
web-Torming insert portion width and 2) said head width, said
web-Torming insert portion width being (1) lesser in magni-
tude than said head width and (11) greater 1n magnitude than
said web width.

10. The combination of claim 9 wherein the maximal trans-
verse cross-sectional 1nsert area 1s beveled intermediate said
head-forming insert portion width and said web-forming
insert portion width.

11. A solid state weld repair 1nsert for use 1n repairing a
targeted metallic structure having transversely widthwise-
distinguishable first and second structural sections, the first
structural section having an outer surface opposite the second
structural section and a void site extending into at least the
first structural section from the outer surface toward the sec-
ond structural section, the void site having a maximal site
depth and a maximal site length, the repair insert being insert-
able 1nto the void site for effecting a structure-to-insert inter-
face, the repair insert comprising transversely widthwise dis-
tinguishable first and second nsert portions, a maximal insert
depth, and a maximal insert length, said isert depth being
greater 1n magnitude than said site depth, said insert length
being greater in magnitude than said site length.

12. The repair insert of claim 11 wherein the metallic
structure and repair msert are formed from weldable materi-
als, the metallic structure and repair 1nsert thus being weld-
able to one another.

13. The repair insert of claim 12 wherein the void site of the
metallic structure has a triangular, sagittal-longitudinal site
cross-section and the repair insert has a triangular, sagittal-
longitudinal 1nsert cross-section.

14. The repair msert of claim 13 wherein said triangular
sagittal-longitudinal site and insert cross-sections comprise
substantially 90 degree angles at the structure-to-insert inter-
face for enhancing uniform heat distribution and minimizing
material entrapment during welding processes.

15. The repair insert of claim 14 wherein said site and insert
cross-sections respectively comprise a beveled valley and a
beveled tip for minimizing material entrapment during weld-
INg pProcesses.

16. The repair 1nsert of claim 12 wherein the void site 1s
formed 1n a targeted rail structure having rail head, web, and
base portions, the void site extending into the rail head and
web portions, the void site having a T-shaped transverse site
cross-section, the repair isert comprising a T-shaped trans-
verse msert cross-section.

17. The repair 1nsert of claim 16 wherein the void site has
a maximal transverse cross-sectional site area and the 1nsert
has a maximal transverse cross-sectional insert area, the
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maximal transverse cross-sectional insert area being greater
in magnitude relative to the maximal transverse cross-sec-
tional site area.

18. The repair msert of claim 17 wherein said maximal
transverse cross-sectional msert area 1s minimized relative to
said maximal transverse cross-sectional site area.

19. The repair msert of claim 18 wherein (1) the first insert
portion has a substantially uniform (a) first insert portion
width, (b) first insert portion length, and (¢) first insert portion
depth, (2) the second insert portion has (a) a head-forming
insert structure and (b) a web-forming insert structure, the
head-forming insert structure having (1) a substantially uni-
form head-forming insert portion width, and (11) a decremen-
tal head-forming insert portion length, the web-forming
insert structure having (1) a substantially uniform web-form-
ing isert portion lower width, and (11) a decremental web-
forming insert portion length, the rail head has a maximum
head width, and the rail web has a substantially uniform web
width, said first insert portion width being (1) equal in mag-
nitude to the head-forming insert portion width and (11)
greater 1n magnitude relative to 1) said web-forming insert
portion width and 2) said head width, said web-forming insert
portion width being (1) lesser 1n magnitude than said head
width and (11) greater in magnitude than said web width.

20. The rail repair msert of claim 19 wherein the maximal
transverse cross-sectional insert area 1s beveled intermediate
said head-forming insert portion width and said web-forming,
insert portion width.

21. A rail and repair 1nsert combination, said combination
comprising;

a rail length, the rail length having an upper rail surface, a
rail head portion, a rail web portion, a rail base portion,
and a void site, the void site being located within the rail
length and extending at least into the rail head portion
from the upper rail surface, the void site being T-shaped
in a first dimension, triangular 1n a second dimension,
and rectangular in a third dimension, the void site having
varied site widths 1n the first dimension, a maximal site
depth 1n the first and second dimensions, and a maximal
site length 1n the second dimension; and

a repair insert, the repair msert being nsertable 1into the
void site for effecting a rail-to-insert interface, the repair
insert being T-shaped 1n the first dimension, triangular 1n
the second dimension, and rectangular in the third
dimension and comprising an upper sert portion, a
lower head-forming insert portion, a lower web-forming
insert portion, varied insert widths 1n the first dimension,
a maximal insert depth 1n the first and second dimen-
sions, and a maximal 1nsert length in the second dimen-
s1on, said varied insert widths being respectively greater
than said site widths, said msert depth being greater in
magnitude than said site depth, and said insert length
being greater 1n magnitude than said site length.

22. The combination of claim 21 wherein the upper insert
portion 1s rectangular 1n the first, second and third dimen-
s10ms, the upper msert portion thus being cuboidal, the cuboi-
dal upper 1nsert portion for enhancing transmission of energy
into the repair 1nsert at the upper insert portion.

23. The combination of claim 22 wherein the triangular
dimension of the msert and void site each comprise a beveled
interface vertex, the beveled interface vertex for minimizing
material entrapment during welding processes.

24. A solid state weld repair insert for use in repairing a
targeted metallic structure having first and second structural
sections, the first structural section having an outer surface
opposite the second structural section and a void site extend-
ing into at least the first structural section from the outer
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surface toward the second structural section, the void site
being T-shaped in a first dimension, triangular in a second
dimension, and rectangular in a third dimension, said void site
having a maximal site depth in the first and second dimen-
s1ons and a maximal site length in the second dimension, the
repair msert being T-shaped in the first dimension, triangular
in the second dimension, and rectangular 1n the third dimen-
s10m, said insert being insertable into the void site for effecting
a structure-to-insert interface, the repair msert comprising
first and second insert portions, a maximal isert depth in the
first and second dimensions, and a maximal 1nsert length 1n
the second dimension, the second insert portion having a
head-forming msert portion and a web-forming 1nsert por-
tion, the head-forming and web-forming insert portions hav-
ing varied insert widths, said insert depth being greater 1n
magnitude than said site depth, said insert length being
greater 1n magnitude than said site length.

25. The repair insert of claim 24 wherein the first insert
portion 1s rectangular in the first, second and third dimen-
s1oms, the first insert portion thus being cuboidal, the cuboidal
first 1nsert portion for enhancing transmission of energy into
the repair insert at the first insert portion.

26. The repair msert of claim 25 wherein the triangular
dimension of the msert and void site each comprise a beveled
interface vertex, the beveled interface vertex for minimizing
material entrapment during welding processes.
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